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A SEARCH FOR PALEOLIQUEFACTION AND EVIDENCE
BEARING ON THE RECURRENCE BEHAVIOR OF THE GREAT
1811-12 NEW MADRID EARTHQUAKES

By Steven G. Wesnousky! and Lisa M. Leffler?

ABSTRACT

The New Madrid earthquake sequence consisted of four
principal events, each of estimated surface-wave magnitude
2 8, occurring on three separate days between December
1811 and February 1812. Although arguably the largest his-
torical earthquakes within the conterminous United States,
data on the expected repeat time of such events are few and
generally equivocal.

The U.S. Army Corps of Engineers maintains a large
network of major drainage ditches within the St. Francis
drainage basin for flood control and land reclamation. The
Corps recently reexcavated tens of kilometers of these
ditches in the area of the southern limb of the New Madrid
seismic zone, where pervasive liquefaction occurred during
the 1811-12 earthquake sequence. We have examined the
freshly excavated ditches for geologic evidence of liquefac-
tion features that predate the 1811-12 earthquakes. Radio-
carbon dates indicate the resulting vegetation-free exposures
afford examination of the last 5,000 to 10,000 yr of geologic
record. Historical earthquake statistics have previously been
the basis to estimate the repeat time of New Madrid earth-
quakes at between about 550 and 1,100 yr. In contrast, any
evidence of paleoliquefaction seen during our search was
equivocal, and no evidence of a widespread, prehistoric lig-
uefaction event as occurred in 1811-12 was observed.
Hence, although negative evidence is a less-than-desirable
basis for interpretation, an implication of our search is that
the recurrence of 1811-12-type earthquake disturbances is
on the order of 5,000 to 10,000 yr or more.

ICenter for Neotectonic Studies, University of Nevada, Reno, Reno,
NV 89557.

2Center for Earthquake Research and Information, Memphis State
University, Memphis, TN 38152 (currently at Department of Geological
Sciences, Northwestern University, Evanston, IL 60201).

INTRODUCTION

The New Madrid sequence of earthquakes consisted of
four principal events, each of estimated surface-wave mag-
nitude > 8, and occurred on the days of December 11, 1811,
and January 23 and February 7, 1812 (table 1). The distribu-
tion of isoseismals (Nuttli, 1973), the recognition of a dis-
tinct zone of seismicity within the region of largest
isoseismals (Stauder and others, 1976; Stauder, 1982), and
the association of extensive liquefaction features that indi-
cate severe ground motion proximal to that zone of seismic-
ity (Fuller, 1912; Heyl and McKeown, 1978; Obermeier,
1984) lend strong credence to the argument that the source
of the 1811-12 earthquake sequence was the now well-
known New Madrid seismic zone (figs. 1 and 2). Although
arguably the largest historical earthquakes within the conter-
minous United States, data bearing on the expected repeat
time for earthquakes such as the 1811-12 events remain few
and are generally equivocal.

The New Madrid seismic zone has no clear and unam-
biguously expressed fault trace at the surface (Schweig and
Marple, 1991) and, hence, it is not known if the 1811-12
earthquakes produced a single through-going zone of sur-
face faulting, as is commonly observed for large earth-
quakes in the Western United States. However, the 1811-12
earthquakes were associated with pervasive liquefaction
phenomena that was concentrated in a zone approximately
20-50 km wide and that trends southwestward for a dis-
tance of about 150 km through portions of Missouri, Arkan-
sas, and Tennessee (fig. 2). Extruded sand covers as much
as 25 percent of the land surface in much of this area.
Expressed as light-colored, commonly irregular shapes on
the dark-brown soils of the Mississippi Embayment, lique-
fied sand that was extruded during the 1811-12 earthquakes
is still readily visible today both in the field (fig. 3) and on
recent aerial photographs (fig. 4). It seems certain that the
occurrence today of similar-sized earthquakes in the New
Madrid region would cause equally pervasive liquefaction.
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H2 INVESTIGATIONS OF THE NEW MADRID SEISMIC ZONE

Analogously, if similar events occurred in the past, we can
reasonably expect similar deformations to be preserved in
the geologic record. A systematic search for such geological
evidence of pre-1811-12-type earthquakes is the basis of
this paper.

OPPORTUNITY

Much of the New Madrid seismic zone lies within the
St. Francis drainage basin of the Mississippi Embayment
(fig. 2). The geology, geomorphology, and Quaternary his-
tory of the Mississippi Embayment have been described
previously by Saucier (1974) and, more locally, by Guc-
cione (1987). The St. Francis drainage basin has little
topography (e.g., fig. 3), a high water table, and poor drain-
age. The surface deposits consist primarily of late Wiscon-
sin glacial outwash deposited by braided streams. The
transition of the Mississippi River drainage from a braided-
stream system to the current meandering mode of deposi-
tion has been estimated to have taken place between about
10 to 6 ka ago at about the latitude of Memphis (Saucier,
1974). Hence, the majority of evidence for liquefaction
rests upon abandoned late Wisconsin braided-stream ter-
races (fig. 5), which have been stable surfaces with only
minor localized sedimentation since the formation of the
Holocene Mississippi River meander belt.

Table 1. The New Madrid earthquake sequence.

[Surface wave (M) and body wave (mp) magnitude estimates taken from Street and
Nuttli (1984) as reported by Hopper (1985). Leaders (--) indicate no data]

Date Local time My my,
Dec. 16, 1811 2:15 am. 8.6 72
Dec. 16, 1811 8:15am. - 7.0
Jan. 23, 1812 9:00 a.m. 8.4 7.1
Feb. 7, 1812 3:45 am. 8.7 73

SAN FRANCISCO,

1886
SAN FERNANDO,

1971

Figure1. The large size of the 1811-12 earthquakes compared to
other major historical U.S. earthquakes is shown by the relative ex-
tent of Modified Mercalli (MM) VI and VII (hachured) isoseismals
for the respective earthquakes (Modified from Hamilton and
Johnston, 1990).
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Figure 2. The New Madrid seismic zone is defined by an align-
ment of earthquake epicenters (circles scaled according to magni-
tude) that extends southwestward from near Illinois to northwest of
Memphis, Tenn. Analysis of aerial photographs by Heyl and
McKeown (1978) and Obermeier (1989) show that the shaded area
was characterized by extensive liquefaction during the 1811-12
New Madrid earthquakes. The curved solid line marks the northern
extent of the Mississippi Embayment.

The U.S. Army Corps of Engineers maintains a large
network of major drainage ditches throughout the St. Francis
drainage basin for flood control and land reclamation (fig.
6). Two factors provided us a unique opportunity to search
for evidence of paleoliquefaction along these ditches. The
Mississippi Embayment and associated drainages were sub-
ject to an unusual drought during the late 1980°s, with the
record lowest stage of the Mississippi River being recorded
during the summer of 1988. Simultaneously, the U.S. Army
Corps of Engineers embarked on a program to reexcavate
and widen several of the existing ditches. The combination
of drought and excavation provided tens of kilometers of rel-
atively vegetation-free exposures along the ditches that were
used to characterize liquefaction features preserved in the
geologic record (fig. 6).

Figure 7 is a photograph of one of the reexcavated
ditches. Both sides of the ditch were heavily vegetated prior
to reexcavation, as seen on the far side of the ditch. During
reexcavation, the vegetation on one side of the ditch is



























































































































